50 mg/100 ml as the ruminant begins to derive energy from the metabolism of absorbed volatile fatty acids.
Therefore, although there may be no definite correlation between the ruminant state and the reduction of 'true' sleep, since long periods of somnolence do occur there may be some causal relationship between paradoxical sleep and the peculiar metabolism of adult ruminants.
Paradoxical sleep in man is sometimes regarded as a necessary accompaniment of dreaming and, of course, we are unable to ascertain whether this is so in animals. In the horse and ox it has been demonstrated that when recumbency is denied the amount of paradoxical sleep subsequently increases. It has also been suggested that paradoxical sleep may be a phase of restitution of biochemical elements in the nervous system. The position of ruminants which normally show very little paradoxical sleep weakens this argument although possibly some normal component of ruminant metabolism may provide the restorative phase. The increase of paradoxical sleep in fatigued cows and horses adds weight to the idea that the paradoxical phase of sleep may be necessary for sustained activity of the nervous system. Observations on sleep in fishes have been made in nature and aquaria, and in relation to electrical rhythms in the nervous system. In coral reefs and atolls some species rest by day and emerge at night (e.g. squirrel-fishes and moray-eels); others, such as certain trigger-fishes, wrasses and parrotfishes, are more active by day. Indeed, some parrot-fishes secrete around themselves a mucous 'sleeping-bag', which is said to reduce their scent to hunting moray-eels. Some nocturnal-resting coral fishes may be picked up by hand. In the deep ocean many mid-water (mesopelagic) fishes, particularly luminescent species, migrate towards the surface by night, where they feed, then begin the dive to their day-time levels just before sunrise. During daylight hours observers in deep submersibles have noted that lantern-fishes and other mesopelagic species are lethargic, some passively drifting with their main axes at acute angles to the horizontal plane.
In aquaria, as in nature, some fishes (e.g. red mullet and barracuda) change their colour pattern (to barred markings) when resting at night. Certain species rest in neutrally buoyant poses, while others, such as trigger-fishes and file-fishes, lie on one side on the bottom. During the day individuals of some species will even defend their sleeping place. Observations suggest that fishes need less sleep than other vertebrates.
Electrical brain patterns of cod resting in the dark show a dominant rhythm in the mid-brain of 8-13 Hz, which has features like the a rhythm of mammals. After arousal by light, the dominant rhythm changes to 18-32 Hz. Similar results were obtained from goldfish. Perhaps experiments will show that control of diurnal activities in sleeping teleosts involves the mid-brain and reticular formations in the diencephalon. Sleep in the Domestic Fowl Several workers have described the EEG of the domestic fowl during wakefulness and sleep (Ookawa & Gotoh 1965 , Peters et al. 1965 , Klein et al. 1964 ; in general there is good agreement between their various results. The EEG of the alert hen comprises largely lowvoltage (less than 50 ,uV) fast (up to 25 Hz) waves, which seem to be little modified by alarm or general disturbance. As the bird becomes drowsy, lower-frequency waves (3-4 Hz) of larger amplitude (over 100 ,V) are interspersed in the basic pattern. In deeper sleep the slow waves predominate, but are punctuated each few minutes by several seconds of low-voltage, highfrequency activity which is generally equated to the pattern seen in paradoxical sleep in mammals.
However, the neck muscles, at least, retain a considerable degree of tonic activity during these periods of electroencephalographic activation. Very little has been reported apart from a purely descriptive account of sleep and its associated electroencephalographic features. The present studies were designed to determine, more precisely, the characteristics of the EEG during sleep, and to reveal the importance of ambient lighting levels on the sleep-wake cycle.
Methods
Eight Brown Leghorn and six hybrid White Leghorn hens, all in lay, were equipped chronically with silver/silver chloride stud electrodes, 6 mm either side of the bregma, to permit recording of the EEG. A third, earth electrode was placed midway between these, above the sagittal sinus.
A cam timer was arranged to record the EEG and ECG for 10 minutes in each hour on a 4-channel FM tape recorder, with an overall system bandwidth of 0-1-625 Hz. At the end of each recording period, a photograph of the hen was taken using a Robot automatic camera with electronic flash; pilot experiments showed that the hen was disturbed for less than 1 minute by the light flash and the sound of the camera winding on, and this was thought not to constitute a serious disturbance of the normal sleeping rhythm.
Artificial lighting was used throughout. The normal 'day-time', controlled by means of a time clock, lasted from 0800 to 1800 h. In three experiments this was abruptly modified to fall between 0100 and 1100 h, so that the importance of lighting as a general cue could be established.
Data on the magnetic tape were subsequently regenerated in the laboratory and could be recorded on a consolidated electrodynamics ultraviolet oscillograph. Instantaneous heart rates were determined on a DEC PDP8 computer with standard software. Spectrum analysis was carried out by replaying into the input of a Fenlow SP4 spectrum analyser, or by speeding the tape up and processing with an 1L5 Tektronix Spectrum analyser.
Additional information was gained by direct observation of hens in the battery house, or in the experimental room, using infra-red binoculars. This procedure did not disturb the birds unless extraneous noises were generated at the time; the slightest movement of clothing was often sufficient to awaken the bird, particularly in the lighter stages of sleep. An ultrasonic activity meter (Electro-Physiological Instruments Ltd, 230B) was also employed in some experiments, to determine the pattern of activity on a 24-hour basis; this equipment generated a pulse for each movement of the bird which exceeded a predetermined amplitude. Pulses were counted with an electromagnetic counter (TMC) which printed out half-hourly totals and reset to zero on command from a control clock. The noise involved in the printing and resetting procedure caused no more than six additional countable movements by the bird.
Results
Birds in the battery house never appeared to sleep deeply, but frequently adjusted their position; vocalization was rare. This observation was confirmed by the output from the activity meter which showed that even during darkness a considerable background of movement persisted.
Two postures were common. In one, the head was withdrawn towards the upper end of the sternum, and directed forward and slightly down; a slight crouching posture was adopted, with the wings drooping slightly. Arousal from this stage was evoked by the slightest noise, and comprised, often, the opening of one eye, occasionally accompanied by movement of the head so that the cause of the disturbance was brought within the visual field. The EEG at this time resembled the Stage II sleep type, described by Ookawa & Gotoh (1965) , with occasional groups of slow waves at 3-5 Hz, 100-300 I,V.
The other sleep state, from which the bird was less easily aroused, was accompanied by an electroencephalographic pattern of slow waves of 3-5 Hz and of large amplitude (200-300 ,uV) , interrupted periodically by bursts of 'fast' activity of the type described by Ookawa & Gotoh (1964) (Fig 1) . This is the condition which will be referred to as 'sleep' in the present report. Heart rate fell from 261 (s.d.14) to 230 (s.d.11) beats per minute; although heart rate appeared to rise during periods of 'fast' EEG activity, these periods were of such short duration that no detailed analysis was attempted. spectral power distribution of the EEG of the sleeping hen with that of a normal, alert hen. Expressed in this form, it can be seen that the high frequency component of the 'alert' type of EEG does not contribute significantly to the overall power density, most ofwhich is accounted for by components less than 4 Hz. This contrasts strikingly with impressions gained by casual observation. In the sleeping bird, as might be expected, there is a great increase in the power content of the lower end of the spectrum, particularly below 3 Hz, which agrees well with the impression gained by visual inspection of the tracing under these conditions, and also with the results presented in the literature.
Under normal conditions, sleep is closely related to the light-dark cycle, an observation which applies equally in the feral state (McBride et al. 1969) . When the period of light was advanced by seven hours, the birds appeared to adapt to the new cycle within the first day. As soon as the lights were extinguished they crouched down in the cage, folded the head under the wing and passed into a behavioural state which closely resembled sleep. EEG recordings, however, showed that the waveforms characteristic of sleep were present only sporadically; full adaptation using this index required about ten days. A similar dissociation between behavioural and physiological sleep was observed on restoration of the normal light-dark cycle.
Discussion
In the domestic fowl, sleep is a less clearly defined state than in mammals, although it is strikingly similar in that heart rate falls and the EEG shows low frequency (3-4 Hz) waves of large amplitude, resembling those recorded for man and other mammals. These waves are periodically interrupted by lower amplitude, fast waves resembling REM sleep, but of shorter duration. The power spectrum reflects these shifts of frequency, and suggests that the change results from an increase in certain components found in the 'awake' state, rather than the appearance of a new power component de novo.
One interesting characteristic of sleep in birds generally is the similarity of the posture adopteda crouching position with feathers slightly ruffled and the head tucked under a wing. In the hen at least, this behavioural pattern is not present at birth and is acquired during the first two-three months of life. In Gallus, sleep is frequently interrupted by spontaneous movements, and the bird is easily aroused by unaccustomed stimuli.
The sleep cycle is related very closely to the period of illuminationsudden changes in the latter are reflected by prompt changes in the behaviour of the bird, although physiological adaptation is slower. Therefore the day-night cycle is not the only factor determining the onset and cessation of sleep periods, although it is undoubtedly the major one. It can also be argued that the EEG is more dependent upon behaviour than vice versa. The postulate can then be made that abolition of visual stimuli in some way alters the pattern of electrical activity of the brain, and that this subsequently leads to a sleep. That the chain of events involved, whatever its nature, is easily reversed, is clear from the ease with which the hen is subsequently aroused.
